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ATTORNEY DOCICET: 2038/103 
IN THE UNITED STATES PATENT AND TRADEMARIC OFFICE 



rubbery products that shrink 
due to the application of energy 
an£) hypo-allergenic rubbery products 

10 

This application claims the benefit of U.S. Provisional Application No. 
60/031,299, filed November 18,1996, U.S. Provisional Application No. 
60/033,143, filed December 20, 1996, and U.S. Provisional Application No. 

, filed July 31, 1997, the entire disclosures of which are hereby 

1 5 incorporated herein by reference. 

technical field 

The present invention relates to condoms, gloves, catheters, and other 
rubbery items, and in particular to condoms, gloves, catheters, and other rubbery 
2 0 items that are hypo-allergenic and/or can shrinOk when their temperature rises 
above a transition temperature. 



BACKGROUND OF THE INVENTION 
Condoms offer highly effective prevention against AIDS and other sexually 

2 5 transmitted diseases when used consistently and properly. However, condom 

purchase and use are hmited by several factors, prominent among them being 
sexual dissatisfaction by the user and his partner, concern over impotence, allergic 
reaction, and occasional failures, such as falling off, even when used properly by 
experienced users. A snug fit during sexual activity would reduce occasional 

3 0 failures and provide for greater satisfaction. In addition, the application of some 



-2 - 



pressure against the penis by a snugly fitting condom may help to restrict venous 
blood return, in turn maintaining erection better or longer. 

Also, there exists a great need for a variety of products to be made of a 
material similar to natural latex, but of absent or reduced allergenicity associated 
5 with latex derived from trees. Allergic contact dermatitis (Type-IV hypersensitivity 
reaction) from rubber products has long been recognized, but the rubbery polymer 
is rarely the sensitizer, rather the additives such as mercaptobenzothiazole and 
tetramethylthiuram are responsible. 

Since 1979, many cases of immediate hypersensitivity (Type I) to natural 
10 latex rubber have been reported, including asthma, hives, and even death. The 
small amount of proteins and other natural tree products remaining in natural 
latex rubber are believed to be responsible. 

Therefore, hypo-allergenic condoms and other products would be 
advantageous to those who might be allergic to conventional latex rubber. It is 
15 also advantageous that condoms have a snug fit during sexual activity, yet be easy 
to don before they are used for their intended purpose. 

Condoms may also be used for non-sexual activities. For example, a condom 
may be combined with tubing in the manufacture and use of a condom-catheter in 
medical or home settings. In that case, it is also desirable that the condom be easy 
20 to don, yet have a snug fit when used as a condom-catheter. The induced 
adherence of the condom to the penis (due to its snug fit) could be far more 
comfortable and less traumatic to the skin of the penis than conventional designs 
(utilizing adhesives. etc.). 

There are other appHcations for the use of items made of rubbery material 
25 that provide a snug or tight fit for the wearer or an instrument to be covered, and 
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yet are easy to don. Examples are products that cover the tips or ends of a variety 
of objects and instruments, such as the transducer tip of an ultrasound machine's 
probe, gloves, finger cots, and oral-dental dams, to name just a few. With regard 
to gloves, medical and industrial gloves are likely to be preferred if they shrink to 
5 fit each user's hand, and perhaps even each portion of the hand, individually. This 
personalized fit may serve to encourage workers to use gloves as protection more 
often. Also, hypo-allergenic gloves would be advantageous to those users who may 
be allergic to conventional latex rubber. 

There is thus a need for condoms, gloves, catheters, and other rubber items 
10 that are easy to don yet provide a snug fit when used for their intended purposes, 
and/or are hypo-allergenic. 

SUMMARY OF THE INVENTION 

An embodiment of the present invention comprises rubbery material having 
15 a transition temperature that shrinOks from a second shape and size toward a first 
(or original) shape and size upon application of energy equivalent in result to 
raising the temperature of the rubbery material above the transition temperature. 
The rubbery material may have a transition temperature in the range of 94 to 99 
degrees Fahrenheit and be used in a condom. The rubbery material may also be 
20 used in a hand glove, a condom-catheter, and other similar items in which 

shrinkage is desired so that the item is easy to don or apply, yet shrinks to a snug 
fit. 

A method for the manufacture and use of rubbery material having a 
transition temperature may comprise the following steps of: (i) manufacturing the 
25 rubbery material to a first shape and size which is cross-linked; (ii) after 
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performing step (i), applying energy to the rubbery material, where the application 
of energy is equivalent in result to raising the rubbery material's temperature to at 
least the transition temperature; (iii) after performing step (i), stretching the 
rubbery material to a second shape and size; wherein steps (ii) and (iii) are 

5 performed in such a way that the rubbery material is in a state in which it is both 
in the second shape and size and its effective temperature is at least the transition 
temperature; and (iv) after steps (ii) and (iii) have been performed, reducing the 
effective temperature of the rubbery material below the transition temperature 
while the rubbery material is kept in the second shape and size, so that the 

10 rubbery material remains in the second shape and size, until subsequent 

application of energy to the rubbery^ material equivalent in result to raising its 
temperature to at least the transition temperature, whereupon the rubbery 
material shrinks from the second shape and size toward the first shape and size. 
The above method may further comprise the step of applying energy to the 

15 rubbery material so that it shrinks from the second shape and size toward the first 
shape and size. 

The rubbery material may comprise polybutadiene and its copolymers, 
plastics such -as polyurethane elastomers and their copolymers, trans pentenamer 
and its copolymers, ethylene pimelate and its copolymers, trans- 1,4-polybutadiene 
20 and its copolymers, synthetic isoprene and its copolymers, or synthetic cis-1 ,4- 
polyisoprene and its copolymers. 

Another embodiment of the invention comprises hypo-allergenic rubbery 

material. The rubbery material can be selected from the group consisting of 
polybutadiene and its copolymers, trans- 1,4-polybutadiene and its copolymers, 
2 5 synthetic isoprene and its copolymers , and synthetic cis- 1 ,4-polyisoprene and its 
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copolymers. Such rubbery material can find uses in gloves, oral-dental dams, 
stretchy-bandages, baby-bottle nipples, pacifiers, catheters, tourniquets, dentist 
drains, injection ports for intravenous lines and catheters, and articles of clothing. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a flow diagram illustrating a method of manufacture for a condom, 
glove, catheter, or other similar rubbery device that shrinks due to the application 
of energy. 

10 DETAILED DESCRIPTION OF SPECIFIC EMBODIMENTS 

In step 10 of Fig. 1 , the rubbery material forming part or all of the product 
is first cast, dipped, or otherwise formed into the shape and size that the product 
is to have after the final energy induced shrinkage is applied. We refer to this 
shape and size as the original shape and size (or the first shape and size) because 

15 the product is made to assume this shape and size during the initial step of Fig. 1 . 
For instance, in the case of a condom, the original shape and size would 
also be the final shape and size of the condom after unrestricted shrinkage by 
finally applied warmth during its use. Effectively, the condom or other product 
will "remember" this original shape and size, and during its subsequent use will 

20 return toward that original shape and size upon application of a sufficient amount 
of energy. In practice, the condom will be restricted from returning to its original 
shape and size because of the penis about which the condom is worn. However, 
the condom will fit snugly about the penis because it will at least return toward its 
original shape and size. 
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Unless otherwise stated or implied by context, the term "condom" is to 
encompass not only a conventional condom used for sexual activity, but also a 
condom-catheter or any other related device that makes use of a condom or 
condom-type article. 
5 In step 10, the original shape and size is fixed by a subsequent chemical 

cross-linking step which may be activated by any of a variety of methods well 
known in the art of manufacturing elastomeric products. The cross-linking must 
be performed below the material's transition (melting) temperature. These cross- 
linking methods may use chemical cross-linking agents such as peroxides and/or 
10 sulfur. Alternatively, high energy radiation (for example, electrons) could be 

employed to cross-link the preformed rubbery product. The cross-linking renders 
the original shape and size of the object to be the equilibrium condition toward 
which the material will return at later stages when the energy-induced shrinkage is 
elicited. 

15 In step 20, the rubbery^ material is stretched to the shape and size desired 

for its initial actual use. We refer to this new shape and size as the second shape 
and size, although it may be the first that the consumer encounters. For example, 
the second shape and size could be the shape and size of a condom just out of the 
package or just donned, prior to the application of warmth that occurs upon 

20 entering a partner in the case of sexual activity, or prior to the application of 
warmth or other energy by some other means in the case of a condom-catheter. 

In Step 20, the rubbery material must be brought into a state in which it is 
both (i) in the second shape and size and (ii) at a higher energy state than in step 
10. The higher energy state is accomplished by applying energy to the rubbery 

25 material. This applied energy must be effectively equivalent in result to heating 
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the rubbery material to a temperature equal to or above its transition (melting) 
temperature. That is, its effective temperature must be raised to at least its 
transition temperature. The energy can be in various forms, such as heat or 
electromagnetic radiation, for example. For example, a condom or other product 
5 could be stretched while in a warm bath to a temperature at or just above its 

transition (melting) point. For Gomo non tlicrmal ldnd3 of applied LUtig) ' , iho > ^^Cj^ 
actual temperature of the rubbery- compuuud need nOL kcLu ally' exceed Its l^^s:::^>0d^ 
t r - ancition tuniptiaLuiL fui &Lcp 20 Lo be effecQ^L; <2^C_ *=^<^ 

The second shape and size defines a temporary, non-equilibrium condition 
10 of deformity when compared to the original (first shape and size), equilibrium 
state. The rubbery material would rapidly return itself to the original shape and 
size were it not for step 30. 

In step 30, while the rubbery material is still stretched, the application of 
energy to the rubbery material must be discontinued or lowered so as to have a 
15 result effectively equivalent to the rubbery material cooling to a temperature 
below its transition (melting) temperature. For example, a stretched condom or 
other product could be raised out of a warm bath and, while still stretched, 
lowered into a cool bath. This quenching process effectively seals the new, 
stretched shape and size into the product by aligning molecules into a particular 
20 arrangement. The mbbery material will now remain stretched until activated. 
However, the rubbery material still "remembers" the original shape and size. 

Finally, after steps 10 through 30 of Fig. 1 have been performed, when the 
temperature of the rubbery material reaches the transition or melting temperature 
again, or when energy is applied so that the transition (melting) temperature is 
25 effectively reached again, this time during use of the product, the product is 
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activated to shrink back to or toward the original shape and size that it 
"remembers." 

For example, suppose a condom is made of rubbery material with a 
transition temperature similar to human body temperature. Then, when the worn 
5 condom enters the man's partner, it would be warmed (inside by the penis, and 
outside by the partner's body) to the transition temperature. This warming would 
de-stabiUze the previously "quenched" second shape and size of step 30, and cause 
the condom to seek its original shape and size. Essentially, the condom would 
have been activated by the heat to return to its equilibrium state. Thus, the 
10 condom would shrink around the penis to fit each man individually. 

Condoms, gloves, catheters, and other products made of rubbery material 

can be made to fit snugly when used for their intended purposes and yet be easily 
donned or applied if they are made of a rubbery material manufactured according 
to the method outlined in Fig. 1. 

15 For example, for the case of condoms, the rubbery material of which they 

are composed may be manufactured so that when initially bought by a consumer 
the condom's diameter is relatively large and the transition temperature at which 
the condom shrinks in diameter is at or just below body temperature. Such 
transition temperature can be in the range of 94-99 degrees F. In this way, the 

2 0 condom is easy to don, and yet will provide a snug fit when worn by the user. 

Similarly, gloves may be made so that after the manufacturing method of 
Fig. 1 but before their transition temperature is reached they are large relative to 
the wearer's hand, and so that after the transition temperature has been reached 
the gloves fit snugly. The transition temperature may be such that the gloves 

25 warm up to the transition temperature due to body heat alone, externally applied 
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heat, special lighting, X-irradiation, or other methods of effectively heating an 
object. 

Catheters and other rubbery devices that need to fit snugly and yet be 
easily donned can have similar properties as discussed above for condoms and 
5 gloves. 

Possible rubbery compounds that may be used for the above discussed -^=5$^^ 
rubbery products are trans- 1 ,4-polybutadiene and its copolymers, or plactico cuch ^€c». 
^ polyurethane elastomers. For instance, the following rubbery compounds are 

^^^^expected to be able to be manufactured into condoms that would shrink at body 
10 temperature, after the wearer enters his partner or warmth is applied (as with 
warm air or water, for instance): trans polypentenamer, polyethylene pimelate, 
trans- 1,4-polybutadiene, and some polyurethane elastomers, and some of the 
copolymers of any of them. 

Likewise, one would choose other rubbery materials with the intention that 
15 they shrink in use in response to a higher or lower temperature, to special lighting, 
to X-irradiation, etc. 

The amount and orientation of shrinkage are determined by the amount 
and orientation of stretching during the steps illustrated in Fig. 1 . These can be 
varied (even widely) for various portions of the product. It is possible to 
2 0 manufacture a condom of such rubbery material and in such a way that it shrinks 
preferentially or even exclusively in diameter and circumference rather than in 
length. For instance, a condom for sexual use could be manufactured so that it is a 

bit large in diameter before donning, but shrinks in diameter after the man enters 
his partner. This would involve employing the method outlined in Fig. 1 where in 
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step 20 the condom is stretched to increase mainly its diameter. Being a bit large 
to start with makes the condom easier to don. 

Since the condom can be made so that it shrinks only a predetermined 
amount, it will not shrink too extensively. Thus, it will shrink to fit each man 

5 individually, affording a more comfortable fit and rendering the condom more 
likely not to slip off accidentally. For example, a condom could be manufactured 
so that during usage it will shrink in diameter 15% near the open end but only 8% 
elsewhere, but not at all in length. Rubber gloves, for example, could be made to 
shrink 10% at the fingers but only 5% at the central part of the hand and only 2% 
10 in length. 

Some of these rubbery materials that shrink in response to the application 
of energy, and products that are made of them, can be manufactured to shrink at 
human body temperature (as during sexual intercourse). This involves choosing 
rubbery compounds with the desired transition temperature. For example, it was 

15 foimd that trans- 1 ,4-polybutadiene is a rubbery material that has a transition 
temperature very close to 98.6 degrees Fahrenheit, which would make it a very 
desirable candidate to be used in a condom. Other rubbery products can be 
manufactured in relation to other temperatures. A variety of transition 
temperature choices allows for other uses of condoms and for uses other than 

20 condoms. 

For instance, condoms that are not intended for sexual use may be 
manufactured as illustrated in Fig. 1 . For example, a condom can be combined 
with tubing in the manufacture and use of a condom-catheter in medical or home 
settings. In that case, the shrinkage could occur at temperatures chosen in the 
25 manufacturing design to be at or other than at body temperature. 
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Similarly, products can be manufactured according to Fig. 1 that cover the 
tips or ends of a variety of objects and instruments in which a snug fit is obtained 
but in which it is desirable that the product can easily be applied over the object 
or instrument before shrinkage is induced. An example of such an object is the 
5 transducer tip of an ultrasound machine's probe. Other objects to be covered by 
the embodiments «ire fingers, in the case of gloves or finger cots, or the mouth, in 
the case of oral-dental dams. Thus, there are a variety of medical as well as non- 
medical applications for rubbery produas made according to Fig. 1. 

Shrinkage of the final rubbery product to its original shape and size can be 

10 accomplished by any means that raises temperature or effectively simulates the 
raising of temperature by applying energy, for example, heating or applying other 
kinds of energy, such as ultra-violet light, infrared light, electricity, X-irradiation, 
radioactive exposure, and applied pressure. 

It has also been discovered that rubbery material made from polybutadiene 

15 and its copolymers, trans- 1 ,4-polybutadiene and its copolymers, synthetic 

isoprene and its copolymers, or synthetic cis-I,4-polyisoprene and its copolymers, 
does not contain impurities that some users of natural latex rubber are allergic to. 
Therefore, regardless of whether the rubbery product is made according to the 
method outlined in Fig. 1, rubbery products made from these discussed materials 

20 are hypo-allergenic and may be used for such items as condoms, gloves, catheters, 

baby-bottle nipples, oral dental dams, stretchy bandages (e.g., bandages that wrap 
around or are pulled on), pacifiers, tourniquet, dentist drains, injection ports of 
intravenous lines or catheters, clothing employing elastic straps or bands, or any 
other rubbery items in physical or close contact with humans. 
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Some other embodiments of the present invention are products made of 
rubbery compounds that shrink at some transition temperature and are used as 
wound covering and a surgilcal field delimiter and/or covering. 

Other embodiments of the present invention can be made without 
departing from the scope or spirit of the invention. 



